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Abstract. Results of analytical, laboratory and mine studies of parameters of disintegration zones in structurally-
heterogeneous rocks and fracture systems around of the deep mine roadways are presented. The purpose of research 
is to improve safety and efficiency of underground mining operations by developing new methods, algorithms and 
modern specialized programs, which will determine parameters of zoning and spatial orientation of fracture system 
development in the rock massifs. Methods used: constructing the structures and software models of information systems 
for developing basic elements for software and information technology for geomechanical process calculation by the 
finite element method; mathematical modeling of the rock-massif stress-strain state by the finite element method; 
analysis and assessment of parameters of fracture systems in the structurally-heterogeneous rock massif. A 
mathematical model is proposed, which is realized with the help of the procedures of simulation modeling by finite 
element method. Based on the calculation of possible directions of the rock shearing (the ―rock shear sites‖) and 
breakage of bonds between the elements, the model allows determining orientation of dominant master fracture system 
development with taking into account natural structural defects in the rock massif. A new algorithm was created for 
determining master cracks and boundaries of disintegration zones with the layered rock, which differs by determining 
directions of rock shear sites in the elastoplastic problem considering residual strength and main structural defects of the 
structurally-heterogeneous rock massif. Regularities of organization of unidirectional rock shear sites and their 
distribution under the influence of mining operations in zones with inelastic deformations were established. The 
conducted studies disclose new possibilities for analyzing the stress-strain state of the rock massif allowing to forecast 
the most probable directions of crack development, and, therefore, to study complex geomechanical processes in more 
details. 

Keywords: stress-strain state of rocks, crack systems, finite element method. 
 

1 Introduction. Experience of preparatory roadway operation in the Ukrainian 

mines over the last ten years has shown that 30 % of them are re-supported. It is 

caused, first of all, by deepening and increased pace of mining operations and 

intensive manifestations of rock pressure. One of the ways to solve the problem of 

providing stability and proper performance of preparatory roadways is to elaborate 

new methods and facilities for their supporting with maximum use of load-bearing 

capacity of the rock massif, which is determined by computational or experimental 

methods. Theoretical methods for solving such problems give mathematically 

incorrect results, since strain increase occurred during the rock loosing is  
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accompanied by stress decrease in absolute magnitude, while assignment of structural 

weakening coefficients for theoretical calculations is very problematic. In such 

conditions, quantitative analysis of stresses and strains can be correctly carried out 

with the help of situational simulation geomechanical models based on dependencies 

of continuum mechanics and the theory of limit states. 

When solving complex problems of analyzing the rocks massif stress-strain state, 

the combined procedures of finite element method and initial stress method are used 

[1-5]. These methods have quickly occupied certain position in the practice of 

complex engineering calculations. However, despite the great number of works 

devoted to the computational methods for modeling fracturing processes, there is still 

no clarity in choosing mathematical model adequate to the conditions of structurally 

inhomogeneous rock deformation, methods of its implementation and ways of its 

adaptation to real conditions. Methods for analyzing geomechanical processes of such 

complex systems require further improvement, since there are no reliable 

geomechanical models and modern specialized computational programs, which take 

into account specific deformation of the fractured structurally-heterogeneous rocks. 

Despite significant progress in rock massif modeling, it is still quite uncertain of how 

to determine zoning and intensity of fracture systems, boundaries of zones with 

layered rock disintegration, spatial orientation and location of technogeneous cracks. 

However, it is the presence of developed fracture system that is the dominant factor 

for mining operations, which negatively affects stability of mine roadways and gas-

content in the mining district of the mines. Therefore, to improve safety and 

efficiency of underground mining operations, the live task is to develop new 

methods, algorithms and modern specialized programs, which will determine 

parameters of zoning and spatial orientation of fracture system development in the 

rock massifs. 

2 Methods. Methodology for organization of computational processes, methods 

and algorithms for determining parameters of zoning and spatial orientation of 

fracture system development in the rock massif; methods for constructing the 

structures and software models of information systems for developing basic elements 

for software and information technology for geomechanical process calculation by 

the finite element method; mathematical modeling of the rock-massif stress-strain 

state by the finite element method; analysis and assessment of parameters of fracture 

systems in the structurally-heterogeneous rock massif performed with the help of 

information system ―GEO-RS
©
‖ developed under the guidance and with direct 

participation of the author [6-8]. 
 

3 Results and discussion 
3.1 Development of the method for determining master crack orientation by using 
procedures of the finite element method 
The basic procedure of the finite element method is well known: it is used for 

determining theoretical elastic parameters of the rock massif stress-strain state. 

However, factual characteristics of the rock deformation demonstrate various 

inelastic properties. Some rocks, such as sandstone, are more brittle, while others 
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(mudstone, siltstone) feature certain degree of plasticity. In the process of 

deformation, as it is known, rocks manifest both plastic and brittle properties in 

different proportions. In contrast to the brittle properties, plastic properties of the 

rocks are of different nature, which is explained by "viscous" bonds between 

dislocations appeared at the rock shearing. Therefore, factual deformation processes 

occurring in different types of rocks most closely correspond to the elastoplastic 

model of the medium: this fact was confirmed by many analytical, laboratory, and 

field studies [3, 9]. Theoretical issues of and methods for calculating the stress-strain 

state of medium in the area with inelastic deformations, which allow obtaining a final 

elastoplastic solution for the geomechanical problem under the given conditions, are 

disclosed in [3-6, 8, 10]. 

Inelastic deformation of rocks is a result of micro shears inside the rock 

polycrystalline structure. Therefore, the criterion of exceedance for external stresses 

of bonds under the condition of non-uniform compression can be described quite 

accurately by the Mohr-Coulomb failure criterion [3, 9]: 

0 tgn  , Pa,                                                (1) 

where τ is shear stress, Pa; σn is stress normal to the rock shear site, Pa; υ is internal 

friction angle, degree; τ0 is shear strength (cohesion), Pa. 

The tensile strength was limited by the criterion τ0/5. If one of the limiting 

conditions is fulfilled, then the rock massif stress-strain state and inelastic 

deformation zones are determined by combination of finite element method and 

iterative procedure of the initial stress method (a set of calculations are performed 

with a constant system stiffness matrix [3-5]). The procedure of the simulation 

algorithm was implemented in the computer complex ―GEO-RS
©
‖ [7, 11]. 

The factual maximum σ1 and minimum σ3 principal stresses, which the real rock 

would have during the inelastic deformation, are determined from the linear strength 

reduction function [3]: 
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where ε1 is current value of the model element deformation obtained during the 

calculation; σ1
lim

, σ1
res 

are limit and residual maximum principal stresses, respectively, 

Pa; ε1
lim

 is limit maximum principal deformations; k is coefficient, which 

characterizes degree of the rock brittleness [11]; μ is the Poisson's ratio; ctgξ is 

parameter, which determines law of plastic flow. 
Fracture is the most important property of rocks, which determines their structure 

and spatial heterogeneity and affects their strength and stability. Natural (primary) 
fracturing is interpreted as a combination of discontinuities in the continuous 
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medium, with no or very insignificant displacements, and their size exceeds, by an 
order and more, interatomic distances in the crystal lattice [12]. Technogeneous 
fracturing occurs only during the construction and operation of underground mine 
workings and is characterized by shifts (often dynamic) along the contacts of master 
cracks, the cracks opening and change of their orientation in space. Even approximate 
forecasting of technogeneous fracturing is of considerable scientific and practical 
interest, since, unlike primary fracturing, development of technogeneous cracks 
depends not only on random natural mining-and-geological factors, but also on the 
controlled mining-and-technical parameters of the mining operations, including, first 
and foremost, design and power parameters of supports in the preparatory roadways, 
their orientation in geospace, parameters of methods for roadway driving and 
protecting, as well as systems designed for rock pressure control in the longwalls. 
Having available information about parameters of fracturing, it is possible, by means 
of technical facilities, to control resistance of the rock massif and loads on the 
roadway supports. 

Cracks between the crystals and in the intercrystalline cement characterize micro-
fracturing of the rocks, which, in its turn, decreases the rock total strength. Therefore, 
natural fracturing is usually considered as initial one and is taken into account when 
formulating a problem by applying structure weakening coefficients, which are 
determined by data of the weakened rock sample testing. This approach allows taking 
into account the overall degradation of the rock strength properties in the design 
scheme elements, which simulate the fractured massif. Since technogeneous cracks 
are formed during mining operations, they can be considered as additional ones, and 
their parameters depend on changes in the stress fields and deformations.  

The cracks are formed only as a result of brittle rock breaking. Therefore, when 
isotropic rock with no pronounced initial fracturing is broken, the master fracture 
systems develop either in directions of or near to perpendicular to the maximum 
normal tensile stresses in case of tensile strain (tensile cracks) or in directions of 
maximum shear stresses (shear lines) in case of non-uniform compression (splitting 
cracks) conditions. The tensile cracks are short, have uneven rough surfaces, most 
often are open and widespread over the mined-out space of the longwall. The 
splitting cracks are smoother, are often closed and stretched for long distances in the 
rock massif and are oriented in a certain plane. 

In this paper, an algorithm is implemented, which allows determining shear lines 
for an elastoplastic problem, as well as analyzing the entire area under the study with 
considering main structural defects existing in the real rock massif. The procedure is 
that as a result of solving the elastoplastic problem with the help of analysis block of 
the algorithm for calculating parameters of the rock massif stress-strain state, 
directions of vectors of the maximum principal stresses for each element of the 
design scheme are determined by the values of the previously calculated stress tensor 
components σ1, σ3  and τxy: 
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where α is the angle of maximum principal stress direction towards to the coordinate 
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axe x, deg; τxy is shear stress, Pa. 

At the same time, it is necessary to mention one of the major factors affecting the 

rock massif breakage: fracture systems with the same or similar orientation are 

developed with the greatest intensity and are organized into the master crack systems. 

Rather often, these cracks cause such abnormal phenomena as: decrease in stability 

and sharp movements of the roof and floor rocks, increase of coal and enclosing rock 

slip, layering of the rock massif edges, sudden roof caving, dynamic loads on the 

supports, etc. 

Due to the fact that mechanism of plastic deformation is associated with the 

shears in the rock sites under condition of inelastic state, then, in zone with inelastic 

deformations, condition of limiting state [3] occurs in two sites, which are inclined to 

the maximum main compressive stress at angles of: 
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As a result of calculations, an array [α] is formed with angles of maximum 

principal stress inclination towards to the coordinate axe x. Values of the internal 

friction angles are extracted from the model program class containing physical-

mechanical properties, and then, by calculating by formula (4), a two-dimensional 

array is formed with angles of shear-line vector inclination, which are defined for the 

center of gravity of each element (Fig. 1). 

 

Figure 1 – Scheme of algorithm for determining master crack orientation in the rock massif: 1 – 

direction of maximum principal stresses σ1; 2 – structural defect orientation of rock massif (for 

example, contacts of rock layers, geological disturbances, etc.); 3 – shear plane orientation 

 

Since natural structural defects and structural inhomogeneity are typical for all 

rocks, the model takes into account the fact that fracture systems appeared during 

mining operations and rock breakage areas formed under the action of deviator 

loading occur mainly in the existing systems of natural cracks and structural defects 
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in the rock mass. Such a development of cracks occurs when ratio of minimum 

component σ3 of the stress tensor to the maximum σ1 is less than 0.4, because at 

greater values, effect of structural defects is almost zero [3]. Consequently, with 

increasing σ3, direction of the dominant crack development will be determined 

mainly by the shear occurred in the monolith rather than towards direction of the rock 

layering or structural defect. In this connection, new parameters were introduced into 

the analysis block of the software algorithm: angle of direction of prevailing 

structural defects and angle θ (Fig. 1), which characterizes rate of coincidence 

between direction of structural defect and direction of maximum shear force. This 

coincidence is shown, with a given accuracy (in degrees), by the bold lines in 

visualization unit of the computational complex. 

A new service function for calculating directions of action of maximum principal 

and shear stresses was developed and introduced into the software package, which 

made it possible to interactively determine angles of structural defect inclination in 

two arbitrary directions and, thus, specify two dominant natural fracturing systems in 

the model. Since, as a result of calculations by finite element method, a huge data 

arrays should be processed, a new module for calculating and visualizing the shear 

lines was developed, tested as part of the research, introduced into the ―GEO-RS
©
‖ 

and used for automatizing graphical processing of computational results. 
 

3.2 Verification of the model and estimation of parameters of master fracture systems 
Comparison of the calculated areas of shear along the radial shear surfaces with 

the known solution [13]; (Fig. 2, a) was carried out on the example of a punch 

impacting on a coherent weighable region under the conditions of maximum critical 

load. The area with dimensions of 40×20 m was investigated. The following rock 

properties were assumed: elastic modulus 4.42·10
4
 MPa, Poisson’s ratio 0.3, volume 

weight 2.6 t/m
3
, shear strength 9 MPa, internal friction angle 33. The punch was 

presented as a distributed load applied to the upper edge of the design scheme. 

Critical load for these conditions was determined by gradually increasing values of 

the forces simulating the punch action up to the value at the moment when one of the 

elements transited to the inelastic state. This stress-strain state was fixed and shown 

in Figure 2, b. A map of the rock shear sites, which were determined for each element 

of the design scheme, was aligned with the diagram of maximum principal stress.  

It is known that three conditional zones are formed under the action of the punch 

(Fig. 2, a). Immediately under the punch, a compression zone is created in the form of 

an elastic ―core‖ (zone 1), which ―pushes‖ the rock in different directions. At the 

boundaries of this zone, the conditions of limiting state are created and breakage sites 

occur, which is confirmed by a numerical experiment with a higher load applied on 

the punch. Zone 2 is characterized by the shearing force increase in different 

directions from the compression core. Theoretically, zone 2 (the region of shearing 

along the radial shear surfaces) has only conditional parameters (type, shape) as its 

real geometric dimensions and location of the boundary line are not unambiguously 

determined. Nevertheless, as a result of calculation by the finite element method, the 

boundary line of the zone 2 is unambiguously determined as the border between the 
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ordered and disordered shear lines (the border is shown by a small dotted line). As it 

is seen in Figure 2, b, its depth is ≈6.0 m. In contrast to zone 2, shear lines in zone 3 

are located randomly, and deformations are characterized by displacements of some 

rocks in the massif towards the open space (the border is shown by the dotted lines). 

The model allowed determining real geometric parameters of this zone (its depth, 

width and configuration). As can be seen from the comparison between the Figures 

2, a and 2, b, type of zones, their location and configuration, shear lines and boundary 

lines between the sectors with different types of deformations correspond to 

theoretical concepts of the rocks stress-strain state under conditions of maximum 

load. 
 

a)         

b)     

Figure 2 – Comparative analysis of the areas of shear along the radial sliding surfaces under the 

conditions of maximum critical load (stresses are specified in MPa): a – according to [13]; b – 

according to the results of mathematical modelling; ψ – angle determining the boundary of the zone 

of limiting equilibrium; 1 – elastic compression core; 2 – area of shears along the radial shear 

surfaces; 3 – area with passive bearing pressure 
 

The quantitative and qualitative assessment of the proposed method was studied 

in the model on the example of the controlled breakage of the sandstone sample and 

by its comparison with the results of press tests under uniaxial compression. The 

physical model of the sample with dimensions of 60×60 mm was digitized in the 

form of triangular grid with 3200 finite elements and 1682 nodes. That is, the stress 

value was obtained for each area of 0.75 mm. Sandstone properties were as follows: 

elastic modulus 4.42·10
4
 MPa, Poisson's ratio 0.28, volume weight 2.55 t/m

3
, shear 

strength 25 MPa, internal friction angle 37. The strength characteristics established 
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in the model corresponded to the ultimate strength for uniaxial compression of 100 

MPa. The load was applied vertically in several stages, each of 2 MPa. The upper 

sector of the design scheme was set movable in vertical direction, and the lower one 

was fixed in two directions. That is, the idealized experimental conditions were 

simulated without the sample’s upper and lower edges shearing in horizontal 

direction. 

The sample stress-strain state was determined both for elastic and inelastic 

deformation stages. It is established that zones with unidirectional rock shear sites 

(are shown in Figure 3, a, b, c by the bold lines) initially appear in the undisturbed 

areas of the sample, however, the conditions for possible occurrence of cracks occur 

only in the destroyed sectors of lower corners. Then, the shear sites are further 

ordered and cover the greater area. Hence, the conditions are created for shear 

deformations in the central part and in directions from the center to the lower and 

upper corners. Zone with inelastic deformation develops towards the corners and, 

being connected with other damaged areas, forms an open crack. 

 

a)            b)  

c)      d)            

Figure 3 – Shear line ordering for the breaking sandstone sample upon applying the uniaxial 

compressive stress: a – 98 MPa; b – 104 MPa; c – 110 MPa; d – the sample breaking by the press; 1 

– occurrence of areas with ordered rock shear sites; 2 – sectors of directional shear in the broken 

zone; 3 – distribution of ordered rock shear sites; 4 – blocks of undisturbed sample 
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Analysis of rock shearing directions in the inelastic deformation zone shows that 

under the given conditions of sample fixing, its edges are not deformed from the top 

and from the bottom simultaneously. First, its bottom part is layered, and later – its 

top part; this fact was confirmed by uniaxial press tests used for studying nature of 

the breakage (Fig. 3, d). The cone-shaped blocks in the edges, top and bottom 

remained undisturbed. 

As it is shown in Figure 3, d, the total deformation of the real sample also consists 

of deformations caused by the crack development due to the action of shear stresses 

along the shear surfaces located at some angle to the direction of the applied loads. It 

is obvious that directions of dominant fracture, which is formed in zones with 

inelastic deformations of the real rock massif, are caused by micro and macro defects 

of the rock (size of mineral grains, fracturing, layering), and depend on the type of 

stress state. 

Simulation results and results of laboratory experiment were compared in terms 

of forms of the sample breakage and values of longitudinal and transverse 

deformations. The correlation analysis established a good association by the values of 

the data sets: correlation coefficient for longitudinal strain was 0.94, and for 

transverse strain – 0.96. It is established that differences in deformations between the 

simulated results and results of laboratory experiments are mainly explained by 

deliberate idealization of the rock microstructure. 

In the process of the model verification, efficiency of the developed method of 

mathematical modeling was checked on the example of numerical experiments on 

studying the punch impact on the coherent weighable area under critical load and the 

controlled breakage of sandstone sample as an element of the massif under the effect 

of simplified uniaxial compression. During the model verification, more than 150 

computational experiments were analyzed and processed, which showed that shear 

lines were in harmony with theoretical concepts and principles of the rock mechanics. 

At the second stage, we will consider result of calculation of a more complex 

multicomponent model on the example of the rock massif sector containing air 

roadway and the mined-out space. 

In Figure 4, diagrams of orientation of maximum principal stresses and fracturing 

systems are shown, which are obtained by calculation of the multicomponent 

simulation geomechanical model for conditions of the 18
th
 western longwall, seam 

m3, horizon 1340 m. Reliability of the results of numerical analysis and their 

compliance with real deformation processes in the rock massif were provided through 

the schematization and introduction into the geomechanical model of specific 

features inherent to the rock massif under study and its individual parameters 

determined by experimental studies. Relationship between the values obtained by the 

mine observations and data of numerical modeling was established on the basis of 

mine research data on development of cracks and their location relatively to the 

roadway, layering of the massif, displacements and convergence of the roadway roof 

and floor, and control of boundary of inelastic deformation zone. 
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a)     

b)     

Figure 4 – Analysis of orientation of the dominant master fracture systems around the stope 

(longitudinal section): a – in the directions of maximum principal stresses; b – in the directions of 

maximum tangential stresses (bold lines indicate the coincidence of the vectors of tangential 

stresses and direction of the rock massif layering);  is zone of continuum discontinuity under 

the tension;  is zone of inelastic deformations under conditions of non-uniform compression; 

 is zone of elastic deformation;  is directions of vectors of maximum principal stresses;  is 

orientation of two shear sites in each element of the design scheme;  is shear lines, which 

coincide with the direction of the rock massif layering (± 3);  is direction of the stope driving 

 

Analysis of the rock shearing directions shows that the sites are ordered in zones 

with inelastic deformations, where layering blocks are formed due to the dislocation 

shearing. Before some rocks are broken, the concentrated shear forces are re-oriented 

contributing to occurrence of directed master cracks. Systems of cracks in the main 

roof are developed in close to horizontal and close to vertical directions. Above the 
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mined-out space, one of the fracture systems is ordered. As a result of the roof 

deformation, technogeneous cracks form horizontal master cracks and layering 

planes, which are parallel to the plane of the mined-out coal seam. In zone of stope, 

the shear lines are parallel to the exposed surface, and horizontal layering is formed 

in the stope floor and roof as a result of the shear. Measurements of the rock layering 

in three deep benchmark stations of the roadway roof confirmed the nature of 

location of the rock layering zones. 

Most of the rock pressure manifestations are accompanied by gas release into the 

mine roadways. At the same time, in terms of impact on the massif destruction and 

gas release, quantity and direction of the dominant cracks are main parameters of the 

fracture system. For example, the most dangerous are cracks developed in parallel to 

the exposed surface of the roadway. No less important is development of crack dip 

towards the drift driving direction. Knowing orientation of the systems of 

endogenous, tectonic and technogeneous cracks in the geospace, it is possible, by 

technical means, to increase resistance of the rock massif to arbitrary deformations 

and to control loads on the roadway supports. 

Thus, it is for the first time when a mathematical model is proposed, which allows 

determining orientation of the dominant master fracture system development with 

taking into account natural structural defects in real rock massif on the basis of 

calculation of possible directions of rock shear sites and breakage of bonds between 

the model elements with the help of simulation modeling by finite element methods. 

Despite a certain idealization, which is typical for any modeling process, the designed 

technology of computer analysis features essential advantages as it opens up new 

broad possibilities for estimating the stress-strain state of the fractured structurally-

heterogeneous rock massif. In particular, new opportunities are created for solving a 

number of topical scientific and applied problems for determining such parameters 

as: zonality, development and intensity of fracture systems in the rock massif; 

boundaries of zones with layered rock disintegration; orientation of dominant master 

fracture systems. The model allows studying complex geomechanical processes in 

more details and correctly determining technical and technological parameters for 

technology of mining operations. 

Introduction into production of recommendations on complex monitoring of the 

rock pressure manifestations and improving stability of preparatory roadways 

developed on the basis of validated force characteristics of the ―support-rock massif‖ 

system with considering tectonic activity, inelastic deformations and technogeneous 

fracturing of structurally-heterogeneous rocks under the impact of winning operations 

allows getting the factual economic effect and proving efficiency and effectiveness of 

the obtained scientific results. 

Conclusions. On the basis of the findings, the following scientific results are 

obtained: 

- a mathematical model is created, which allows, on the basis of calculation of 

possible directions of the rock shear sites and breakage of bonds between the model 

element with the help of procedures of simulation modeling by the finite element 



ISSN 1607-4556 (Print), ISSN 2309-6004 (Online) Геотехнічна механіка. 2019. № 147 
 

161 

method, to determine orientation of dominant master fracture system development 

with taking into account natural structural defects in the rock massif; 

- a new object-oriented algorithm is developed for determining master fracture 

systems and boundaries of zones with layered rock disintegration; the algorithm 

differs by determining directions of the rock shear sites in the elastoplastic problem 

with taking into account residual strength and main structural defects of the 

structurally-heterogeneous rock massif; 

- regularities of organization of unidirectional rock shear sites with contouring of 

temporarily stable structures in zones with inelastic deformation and their distribution 

under the impact of mining operations in zones with inelastic deformations are 

established. 

Practical importance of the work lies in the fact that, on the basis of the conducted 

research, a new technology was created for computer modeling of fracture systems 

and, in particular, a new version of the GEO-RS
©
 software complex was developed 

for determining the stress-strain state of the rock massif and fracture systems, which 

was tested, in laboratory and field conditions, by way of comparative analysis of 

analytical inelastic simulation solutions in the mode of gradual deformation and real 

destruction of rocks. 

The conducted studies disclose new possibilities for analyzing the stress-strain 

state of the rock massif allowing to predict the most probable directions of crack 

development, and, therefore, to study complex geomechanical processes in more 

details. 
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Анотація. Наведено результати аналітичних лабораторних і шахтних досліджень параметрів зон 

дезінтеграції в структурно-неоднорідних породах і систем тріщин навколо виробок глибокого закладення. Мета 
роботи полягає в підвищенні безпеки та ефективності ведення підземних гірничих робіт шляхом розробки нових 
методів, алгоритмів і сучасних спеціалізованих програм, що забезпечують визначення параметрів зональності і 
просторової орієнтації систем тріщин в породному масиві. Використано методи: побудови структури і програмних 
моделей інформаційних систем для розробки базових елементів програмно-інформаційної технології розрахунку 
геомеханічних процесів методом скінченних елементів; математичне моделювання методом скінченних 
елементів напружено-деформованого стану породного масиву; аналіз і оцінка параметрів систем тріщин в 
структурно-неоднорідному породному масиві. Запропоновано математичну модель, яка реалізована 
процедурами імітаційного моделювання методом скінченних елементів. Модель дозволяє на основі розрахунку 
можливих напрямків площадок ковзання і розриву зв'язків в елементах моделі визначати орієнтацію систем 
домінуючих магістральних тріщин з урахуванням природних структурних дефектів в масиві порід. Розроблено 
новий алгоритм визначення магістральних тріщин і меж зон дезінтеграції шаруватих порід, що відрізняється 
визначенням напрямків площадок ковзання в пружнопластичної задачі з урахуванням залишкової міцності та 
головних структурних дефектів структурно-неоднорідного масиву порід. Встановлено закономірності організації 
рівноспрямованих площадок зсуву і їх поширення під впливом гірничих робіт в зонах непружних деформацій. 
Проведені дослідження відкривають нові можливості аналізу напружено-деформованого стану породного масиву, 
дозволяють прогнозувати найімовірніші напрями поширення тріщин, а, отже, більш повно і детально вивчати 
складні геомеханічні процеси. 

Ключові слова: напружено-деформований стан порід, системи тріщин, метод скінченних елементів. 
 
Аннотация. Приведены результаты аналитических лабораторных и шахтных исследований параметров зон 

дезинтеграции в структурно-неоднородных породах и систем трещин вокруг выработок глубокого заложения. 
Цель работы состоит в повышении безопасности и эффективности ведения подземных горных работ путем 
разработки новых методов, алгоритмов и современных специализированных программ, обеспечивающих 
определение параметров зональности и пространственной ориентации систем трещин в породном массиве. 
Использованы методы: построения структуры и программных моделей информационных систем для разработки 
базовых элементов программно-информационной технологии расчета геомеханических процессов методом 
конечных элементов; математическое моделирование методом конечных элементов напряженно-
деформированного состояния породного массива; анализ и оценка параметров систем трещин в структурно-
неоднородном породном массиве. Предложена математическая модель, которая реализована процедурами 
имитационного моделирования методом конечных элементов. Модель позволяет на основе расчета возможных 
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направлений площадок скольжения и разрыва связей в элементах модели определять ориентацию систем 
доминирующих магистральных трещин с учетом природных структурных дефектов в массиве пород. Разработан 
новый алгоритм определения магистральных трещин и границ зон дезинтеграции слоистых пород, 
отличающийся определением направлений площадок скольжения в упругопластической задаче с учетом 
остаточной прочности и главенствующих структурных дефектов структурно-неоднородного массива пород. 
Установлены закономерности организации равнонаправленных площадок сдвига и их распространения под 
воздействием горных работ в зонах неупругих деформаций. Проведенные исследования открывают новые 
возможности анализа напряженно-деформированного состояния породного массива, позволяют прогнозировать 
наиболее вероятные направления распространения трещин, а, следовательно, более полно и детально изучать 
сложные геомеханические процессы. 

Ключевые слова: напряженно-деформированное состояние пород, системы трещин, метод конечных 
элементов. 
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